Abstract. Samples of lavender, rosemary and laurel essential oils obtained from plants cultivated in Mexico were analysed by GC-MS using a non polar capillary column. Characterisation of individual components was performed using a commercial mass spectrometry library, and 53 components were identified. The analysis of bioactive compounds highlighted a 5 and 2-fold increased quantity of potent antibacterial 1,8-cineole (46.5%) and camphor (12.3%) in lavandin "provence", compared to the French cultivars. It also showed a 3- and 2-fold increase in camphor and linalool concentration in rosemary and laurel compared to the average level, making them promising alternatives for medicinal treatment. Strains of Gram-positive and Gram-negative bacteria were analyzed for their susceptibility to these essential oils using the agar disc diffusion method and their antimicrobial activity was demonstrated. To our knowledge, this is the first report on antibacterial activity of lavender essential oil, recently added to the Mexican pharmacopeia, against Mycobacterium smegmatis (Mc Rv 3782 PW2).
Introduction
Monoterpenes are a class of volatile organic compounds whose, with others, are responsible for the main medicinal and olfactory properties of essential oils (EOs). 1,8-cineole, cis-and trans-β-ocimene, terpinen-4-ol, camphor, linalool and linalyl acetate are part of those forty to fifty bioactive molecules that can usually be identified by gas chromatography -mass spectrometry analysis (GC-MS) in EOs. The proportion of these compounds usually determines the quality of EOs used as perfumery standards (high content of linalool and linalyl acetate combined with trace amount of camphor) or as medicinal standards (high contents of bioactive monoterpenes) [1] [2] [3] [4] [5] [6] [7] .
The composition of essential oils depends on several factors such as plant genotype, the developmental stage of the plant and the environmental factors [8] . Lavandula x intermedia (Lavandin) is characterized by a high 1,8-cineole and camphor content, which denotes a low quality of oil according to perfumery standards, but is of interesting value as medicinal oil. Lavandin EOs are readily available in many areas of the world and particularly in the region of Dolores Hidalgo (Guanajuato), where the results of this investigation will be applied. Therefore, the aim of this investigation was to analyze the chemical composition and major bioactive compounds of lavender essential oils made from Lavandula x intermedia "provence" and "grosso" cultivated in Mexico. 
Results and discussion
Chemical characterisation -The result of the analysis of the major bioactive components of Lavandula x intermedia "grosso" and "provence", natural hybrids of L. angustofolia and L. latifolia, laurel and rosemary cultivated in Mexico is presented in table 1 and their chromatographs can be found in supplementary information (chromatographs 1a to 1e). The qualitative characterisations were performed using GC-MS and 53 components in the samples were characterized, including 1,8-cineole, cis- and trans-β-ocimene, terpinen-4-ol, camphor, borneol, linalool and linalyl acetate.
These data were compared to values obtained for the same species cultivated in different parts of the world [11, 12] and the most recent international reference ISO published on the area (ISO 8902-2007) [13] . The remarkable effect of the geographical region on the concentration of terpenes [14] was demonstrated by the variation in the bioactive compound concentration in the Mexican species.
It was noticed that the contents of linalool and linalyl acetate were higher in the Mexican lavandin "grosso" and lower in the Mexican lavandin "provence" compared to the data reported elsewhere [11, 12, 15] . To our knowledge, there is only one report on the GC-MS analysis of lavandin "provence" in the literature [12] while several were published on lavandin "grosso" [11, 13, 15] . In laurel essential oil, the concentration of linalool was higher than the one present in laurel EOs from other regions of the world (up to 15 times higher) [16, 17] . By contrast, no linalyl acetate was detected in laurel and rosemary EOs.
1,8-Cineole concentration was higher in Mexican lavenders compared to that reported for species grown in France whereas the concentration of camphor was relatively similar in samples obtained from both growth regions [11, 12, 15] . Indeed, in the species Lavandula x intermedia "provence", the impact of the geographical growth region led to a 5-fold higher level of 1,8-cineole and a 2-fold higher level of camphor compared with published data. Moreover, it was observed that the 1,8-cineole content between the Lavandula x intermedia "provence" and "grosso" was drastically different, 46.52% and 7.49% respectively (table 1) . The analysis of rosemary EOs exhibited important differences in the concentration of the previously mentioned bioactive compounds [18] [19] [20] and the apparent most interesting area for growing rosemary for camphor production appeared to be Mexico with a concentration of 18.8%. Antibacterial activities -EOs have found medicinal applications as an alternative or parallel treatment for tuberculosis [21, 22] , cancer [23] or influenza [24] to name but a few [25] . Table 2 shows the antibacterial activity of Mexican essential oils either as crude or diluted distilled products on a Grampositive (M. smegmatis Mc Rv 3782 PW2) and a Gram-negative (E. coli BL21 DE3). Both bacteria exhibited significant susceptibility when treated with all tested EOs presenting an inhibition diameter of more than 10 mm, (suppl. Information, 2a and 2b).
The disc diffusion method was applied to measure the antibacterial action of the EOs on the selected bacteria. It supported the previous results obtained for rosemary EOs having a better potential as antibacterial agent against Gram-negative bacteria than Gram-positive [24] [25] [26] [27] . Dilution of the crude rosemary EOs did not improve the inhibitory capacity of the oil against E. coli. Laurel EOs were also tested as an antibacterial agent against Gram-positive and Gram-negative bacteria under similar conditions and M. smegmatis Mc Rv 3782 PW2 appeared to be slightly more resistant than E. coli BL21 DE3 to laurel EOs inhibition. The methanolic laurel solution better inhibited the Gram-positive bacteria whereas it resulted in an opposite effect for Gram-negative bacteria. The ethanolic diluted mixture had a limited response. The inhibitory capacity of crude lavender EOs towards gram-negative E. coli BL21 DE3 was affected by the plant varieties and the dilution solvent (table 2) . This diversity in the antibacterial response can be explained by the difference in the chemical composition of each essential oil; indeed, a higher content of linalool and linalyl acetate is observed for lavender "grosso" EOs compared to lavender "provence" EOs, whereas an opposite trend is observed for bioactive compounds cineole and camphor. Finally, to our current knowledge, this was the first report of lavender EOs being assayed for antibacterial activity towards M. smegmatis Mc Rv 3782 PW2.
In conclusion, the analysis of the chemical composition of EOs from plants cultivated in Mexico highlighted a high content of bioactive compounds: linalool, linalyl acetate, cineole and camphor, making them promising alternatives for medicinal treatments. The results of lavender EOs inhibition activity towards M. smegmatis Mc Rv 3782 PW2 and E. coli BL21 DE3 suggested that Gram-positive bacteria are more sensitive than Gram-negative bacteria to plant distilled products [28, 29] . Adding ethanol and methanol to the crude distilled product had a relative to significant effect on the inhibitory activity. To our knowledge and for the first time, the antibacterial activity of lavender essential oils against M. smegmatis Mc Rv 3782 PW2 Gram-positive bacteria was reported.
Material and methods
Chemical and reagents -Lavender and rosemary essential oils were diluted in ethanol (1:100) and laurel essential oils were diluted in ethanol (1:250) for GC-MS analysis. Ethanol and methanol of HPLC grade were used for dilution, chromatography and antibacterial analysis. GC-MS analysis -Gas Chromatographic analysis were carried out on an Agilent 6890N system (Agilent Technologies, U.S.A.), equipped with Chemstation software and coupled to a mass spectrometer detector (Agilent 5975B). An analytical HP-5MS column (30 m × 0.25 mm I.D. × 5 µm film thickness) from Agilent Technologies was used for chromatographic separation. GC-MS spectra were obtained using the following conditions: the vector gas was helium at a constant flow of 1 mL/min, the injection was made in split mode (10:1), the injection volume was 1 µL and the injector temperature was 260 °C. The oven temperature program was: 40 °C for 5 min, then increased at 4 °C/min to 200 °C over 5 min and then at 20 °C/min to 280 °C for 1 min. The ionisation mode was electronic impact at 70eV in positive mode and the signal acquisition was the scan mode from 40 to 400. The MS source was at 230 °C and the MS quad at 150 °C. GC-MS data were processed using AMDIS (Automatic mass spectral deconvolution and identification system, provided by US National Institute of Standards and Technology, Gaithesburg, MD, USA). The chromatographs can be found in supplementary information (chromatograph 1a to 1e). Identification of essential oil components - Essential oil components were identified by comparison of their mass spectral fragmentation pattern with NIST mass spectral library database [30] and based on their Van Den Dool retention indices (determined with reference to a homologous series of normal alkanes, C7-C40, and compared with the ones reported in literature) [31, 32] . As expected, there are still some compounds that could not be identified because of their low signal-to-noise ratios or and incubated overnight at 37 °C, 160 rpm. 200 μL of these cultures were spread over solidified LB medium containing kanamycine (50 μg/mL), using a sterile rod in order to get a uniform microbial growth on both control and test plates. After inoculums absorption by agar, sterile discs of Whatman No. 6 paper (4 mm diameter) previously cleaned with ethanol, were impregnated with a fixed volume of 5 µL of undiluted EOs, with or without 5% MeOH and 5% EtOH. A control was used for each case by not exposing the bacteria to any distilled product. Discs were deposited at equal distance on the surface of the agar. The Petri dishes were left at room temperature for 5 min before incubation to ensure a good diffusion of the distilled product in the agar. Cultures were then incubated at 37 °C overnight. The activity of essential oils was considered to be positive when inhibitory action of the bacteria was observed and negative when it was not. After the incubation period, the diameters of the inhibition zones were measured in millimetres.
Supplementary data
Chromatographs 1a to 1e can be found in the supplementary data as well as the anti-bacteria tests.
